, were synthesized and characterized. All complexes were characterized based on elemental analyses, and IR, UV-VIS-NIR and EPR spectroscopy, as well as by thermal analysis and determination of their molar conductivity and magnetic moments. The structure of INNMH was established by single crystal X-ray analysis. In all complexes, both ligands were coordinated to the metal via N and O. The complexes of Cu (II) were dimeric, with four bridges between acetate ions and Cu(II).
INTRODUCTION
Isonicotinic acid hydrazide (isoniazid, INH) is a known tuberculostatic agent. It forms metal chelates with many bivalent ions. These complexes have been used in the determination of the structure of isoniazid. 1, 2 Numerous research papers have described the bactericide and fungicide properties of various mixed ligand complexes of metal ions with isoniazid and hydrazone derivatives. 3, 4 Hydrazones play an important role in inorganic chemistry, as they easily form stable complexes with most transition metal ions. The development of the field of bioinorganic chemistry has increased the interest in hydrazone complexes, since it was recognized that many of these complexes may serve as models for biologically important species. [5] [6] [7] [8] [9] In context to previous research, 10 ,11 a number of complexes of transition metals with isonicotinoylhydrazone ligands were obtained and characterized.
In the present paper, the synthesis and characterization of eight new complexes of Cu(II), Co(II), Ni(II) and Zn(II) acetate with isoniazid (INH) and isonicotinic acid (1-naphthylmethylene)hydrazide (INNMH) are reported. The structural formula of isoniazid is shown in Fig. 1a and a molecular drawing and the atom labeling scheme of isonicotinic acid (1-naphthylmethylene)hydrazide are shown in 
EXPERIMENTAL
Isonicotinic acid (1-naphthylmethylene)hydrazide, INNMH, was obtained by refluxing a mixture of isoniazid and 1-naphthaldehyde (1:1 molar ratio) on a water bath for 5 h. Methanol (30 ml) was used as the solvent. After cooling, a brilliant yellowish white precipitate formed, which was filtered, washed with methanol and dried under vacuum over CaCl 2 . Single crystals were separated from the solid and subjected to a single crystal X-ray study whereby their crystal structure was determined.
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Synthesis of the complexes
To a methanolic solution (30 ml) of the required metal acetate with crystal water (0.001 mol) was added a methanolic solution of isoniazid (INH) in a 1:1 molar ratio. The resulting precipitates 1-4 were filtered, washed with methanol and dried under vacuum over CaCl 2 .
For the complexes with the hydrazone, isoniazid (0.0020 mol in 30 ml of methanol) was added to a methanolic solution of 1-naphthaldehyde (0.0020 mol in 30 ml methanol). The mixture was stirred at 50 °C for 30 min, cooled to room temperature and to this was added under stirring, a methanolic solution of Cu(II), Co(II), Ni(II) or Zn(II) acetate (0.0010 mol in 15 ml methanol). Immediately, the metallic complexes precipitated. The solid products 5-8 were filtered, washed with methanol and dried under vacuum over anhydrous CaCl 2 .
Instrumentation
The elemental analyses (C, H, N) were realized with an elemental combustion system CHNS-O, using a Costech device, type ECS 4010, and the metal contents were determined by gravimetric methods. 12 The IR spectra (4000-400 cm -1 ) were recorded in KBr pellets using a Bio-Rad FTS-135 spectrometer. The UV-VIS-NIR electronic spectra (200-2200 nm) were recorded by diffuse reflection using a Jasco V 670 UV-VIS-NIR spectrophotometer.
The magnetic susceptibility of the complexes was determined at room temperature, using the Faraday method. The electronic paramagnetic resonance (EPR) spectra of the Cu complexes were recorded at room temperature on a Jeol JESS FA 100 spectrometer, with a 100 Hz field modulation.
The thermal analyses were performed with a Perkin Elmer Diamond instrument at a heating of 5 °C/min under a dynamic air atmosphere (150 ml/min). All complexes were investigated in the temperature range 20-800 °C, with the exception of the cobalt complexes, which were investigated up to 960 °C.
Single-crystal X-ray diffraction was used for crystal structure determination of isonicotinic acid (1-naphthylmethylene)hydrazide. The XRD data were collected at room temperature on a Stoe IPDS II diffractometer operating with an Mo Kα (λ = 0.71073 Å) X-ray tube with a graphite monochromator. Data collection and cell refinement were realized using Stoe X-AREA. 13 The structures were solved by direct methods and refined with anisotropic displacement parameters based on F 2 , using SHELXS-97 14 The structure of INNMH (isonicotinic acid (1-naphthylmethylene)hydrazide) was determined in a single crystal X-ray diffraction study. Details of crystal structure determination are summarized in Table I , and the bond lengths and angles in Table II. 232 KRIZA et al. The complexes with INNMH were obtained by template synthesis. The compounds were soluble in DMF and insoluble in other common (methanol, ethanol, acetone, diethyl ether and chloroform.) organic solvents. Molar conductivity measurements in DMF showed that they were non-electrolytes. 
IR spectra
The main bands in the IR spectra of INH and its metal complexes 1-4 are presented in Table IV and the bands in the IR spectra of INHNA and its metal complexes 5-8 are given in Table V. 234 KRIZA et al. In the IR spectrum of isoniazid, very intense bands appeared at 3302, 3112, 1667 and 1555 cm -1 , which were assigned to the vibration frequencies ν(NH as ) and ν(NH sym ) and to amide-I and amide-II-groups. The average intensity band at 887 cm -1 was assigned to the N-N vibration frequency. 16 In the complexes 1-4, the band corresponding to the amide-I group is shifted towards lower values by Δν between 7 and 40 cm -1 , which indicates the involvement of the carbonyl group in the coordination. 17 The ν(N-H) vibration frequencies are strongly displaced in all complexes. The movement of the band 3302 cm -1 to lower wave numbers suggests the involvement of the amino nitrogen in the coordination to the metal ions. This conclusion is supported by the movement of the ν(N-N) frequency vibration towards lower values in the complexes.
The spectrum of complexes show bands which could be assigned to both bridging and chelating binding coordination mode of the acetate anion. 18 A correlation between the infrared antisymmetric and symmetric absorption frequencies of the carboxylate group and the type of carboxylate group has been developed. The acetate ion in aqueous solution is characterized by bands at 1578 and 1411 cm -1 , which are commonly assigned to the antisymmetric (ν as ) and the symmetric (ν sym ) stretching vibrations of the carboxylate group. These frequencies and, in particular, their difference, Δν = ν as -ν sym , have been used as empirical indicators of coordination modes of the acetate group. According to Deacon and Phillips, 18 a difference larger than 200 cm -1 indicates a monodentate coordination, whereas a difference smaller than 150 cm -1 indicates a bridging coordination mode. Moreover, it is accepted that a values of Δν smaller than 200 cm -1 can indicate a bidentate coordination mode. In complexes 1-4, the frequencies of the vibration ν as (COO) appears in the range 1561-1596 cm -1 , while those characteristic of the ν sym (COO), ranged from 1408 to 1418 cm -1 . For complex 1, a value of Δν <150 cm -1 , which is indicative of a bridge in the coordination of the acetate group. 18 However, for the complexes 2-4, Δν is >150 cm -1 , which leads to the conclusion that the acetate group is a chelating binding ligand in these complexes.
Bands in the region 3363-3429 cm -1 in the IR spectra of the complexes suggests the presence of crystallization water. 19 In the region 400-500 cm -1 , there are bands that can be attributed to modes of vibration ν(M-N) and ν(M-O). All this data supports the idea that in the metal complexes, the isoniazid was coordinated through the amino nitrogen and the carbonyl oxygen.
In the IR spectrum of INNMH, intense bands appear at 1675 and 1552 cm -1 , which were assigned to the vibrations ν(C=O amide I) and ν(C=N azomethine).
For the complexes 5-8, the band corresponding to amide I was shifted by 21-53 cm -1 toward lower frequencies, which indicates the involvement of carbonyl group in coordination. 17 In addition, a shift towards lower values by 31-46 cm -1 was observed for the bands characteristic of the azomethine group of metal complexes with INHNA. This suggests involvement of the azomethine nitrogen in the coordination with the metal ions. 17 The ν as (COO) vibration band appeared in the domain 1557-1598 cm -1 in the spectra of the complexes 5-8, while those characteristic of the ν sym (COO) appeared in the 1398-1419 cm -1 range. For complex 5, Δν was <150 cm -1 , suggesting that the acetate group is coordinated in a bridge. In complexes 6-8, Δν was >150 cm -1 which leads to the conclusion that the acetate group in these complexes was in a chelating binding mode. 18 The IR spectral data showed that isonicotinic acid (1-naphthylmethylene)-hydrazide was coordinated to the metal ions through the azomethine nitrogen and the carbonyl oxygen.
Magnetic properties
The magnetic moments calculated for complexes 1 and 5 (at room temperature) of 2.18 and 2.39 μ B , respectively, reasonably correspond to octahedral geometry of the Cu(II) complexes. 20 For the Co (II) complexes 2 and 6, the magnetic moments were 4.32 and 5.02 μ B , respectively, indicating a high-spin character, excluding the oxidation to 236 KRIZA et al.
Co(III)
. These values are within the range (4.3-5.7 μ B ) corresponding to an octahedral geometry for the Co(II) ion. 20 For the Ni(II) complexes 3 and 7, the values for the magnetic moments were 3.38 and 2.80 μ B , respectively. These values are within the range (2.8-3.5 μ B ) found for paramagnetic complexes of Ni(II) with octahedral geometry. 20 The Zn(II) complexes 4 and 8 were diamagnetic, as expected for complexes of metal ions with a d 10 configuration.
Electronic spectra
The data of the electronic spectra of the ligands and those of complexes 1-8 are given in Table VI . The spectrum of isoniazid presented two bands in the UV interval at 42372 and 37037 cm -1 , assigned to π → π* and n → π* transitions, respectively, and that of INNMH also exhibited two bands at 39682 and 30864 cm -1 , assigned to the same transitions, π → π* and n → π *, respectively. 
Octahedral 10309 10140.984
The electronic spectrum of complex 1 had two bands at 13404 and 11467 cm -1 , which can be attributed to the transitions xy → x 2 -y 2 and z 2 → x 2 -y 2 , characteristic for a Cu(II) ion in an octahedral environment. The electronic spectrum of complex 5 showed a broad band at 14204 cm -1 attributed to the transition xy → x 2 -y 2 , also corresponding to an octahedral Cu(II) ion. 21 The electronic spectrum of the complex 2 displayed three bands at 24390, 11037 and 8849 cm -1 , attributed to the d-d transitions: 4 T 1g → 4 T 1g (P), 4 T 1g (F) → → 4 A 2g , and 4 T 1g → 4 T 2g , respectively The electronic spectrum of complex 6 displayed two bands at 17667 cm -1 and 10000 cm -1 . These transitions are consistent with the characteristic octahedral geometry. 21 Both electronic spectra of the Ni(II) complexes, 3 and 7, exhibited three bands at: 25641, 15432 and 9225 cm -1 , and 28901, 17241 and 10309 cm -1 , respectively, attributed to the transitions 3 A 2g → 3 T 1g (P), 3 A 2g → 3 T 1g and 3 A 2g → → 3 T 2g , respectively, which are characteristic of an octahedral geometry. 21 The values for the parameters 10Dq, B and β for the Co and Ni complexes were calculated using formulas of Konig 22 and they are presented in Table VI .
In the spectra of the Zn(II) complexes 4 and 8, as expected, there were only the bands characterizing the ligand, but displaced to lower values compared with the corresponding bands in the spectrum of the free ligand, which proves the coordination of the ligands to the metal ion.
EPR spectra
The EPR spectra of the Cu(II) complexes 1 and 5 (Figs. 2a and 2b , respectively), measured at room temperature using polycrystalline powders, were analyzed. Complex 1 exhibited no signal, while for complex 5, the "g" parameter had only one value (g isotropic = 2.1). These values and the spectral rate indicate that both Cu(II) complexes could be dimeric.
Thermogravimetric analysis
The results of the thermal analysis of complexes 1-8 are given in Table VII . The TG curves of these complexes indicated the presence of water molecules outside the coordination and the final products were the corresponding metal oxides. The decomposition occurred in three stages, represented generally as follows: The mass losses were accompanied by exothermic effects. The structure of the INNMH was established in a single crystal X-ray study. Both ligands act as a bidentate through the oxygen and nitrogen in the Co(II), Ni(II) and Zn(II) complexes. The Cu(II) complexes are dimeric, with four brid-240 KRIZA et al. ges between the acetate ions and Cu(II). The number of water molecules of crystallization was determined by differential thermal analysis. 
